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SUMMARY 


Some  preliminary  observations  on  the  oxidation  response  of 
Co.Cr-CCr.Co^C^  in  air  at  1121°C  are  presented.  These 
include  weight  gain  and  subsequent  room  temperature  strength, 
hardness  and  toughness.  The  composite  shows  superior  oxidation 
resistance  to  several  other  in-situ  composites  by  virtue  of  its 
high  chromium  content.  Oxidation  enhances  toughness  but  leads 
to  a decrease  in  hardness  and  strength.  The  toughness  increase 
is  associated  with  fiber  coarsening. 
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The  development  of  advanced  gas  turbines  has  resulted  in  the  need  for 
alloys  possessing  superior  high  temperature  stability  and  mechanical  properties 
to  the  conventional  superalloys.  This  need  has  stimulated  interest  in  and 
development  of  in-situ  metal-matrix  composites.  While  the  importance  of 
oxidation  resistance  is  realized,  relatively  few  investigators  have  studied 
the  high  temperature  oxidation  of  this  class  of  materials  (1-8) . 

The  only  information  on  the  Co.Cr-tCr.Co^C^  composite  is  that  of  Staub 
u 

and  Erdos  (9)  who  suggest  a preferential  attack  of  the  Cr^C-j  carbide. 

El-Dahsham  et  al.(10)  conducted  a detailed  study  of  the  oxidation  of 
conventionally  cast  Co-Cr-C  alloys  in  which  the  principal  carbide  was  M._C,. 

It  was  found  that  overall  oxidation  rate  was  similar  to  that  of  binary  Co-Cr 
alloys  of  the  same  chromium  content.  In  the  present  study  some  initial  observa- 
tions are  reported  for  the  oxidation  response  of  Co,Cr-(Cr,Co)^C^  in  air,  both 
in  the'  as-grown  condition  and  following  post-solidification  isothermal  heat- 
treatments.  Particular  attention  was  directed  to  possible  effects  of  oxidation 
on  toughness. 

Composites  were  directionally  solidified  at  7 x 10  ^m/s  and  47.6  x 10  ^m/s 
to  give  an  aligned  rod-like  reinforcement  of  Co,Cr-(Cr,Co)yC^  in  a cobalt-rich 
matrix  at  = 0.3.  Sections  of  the  ingot  were  then  exposed  at  1121°C  in  air 
and  oxygen  for  times  up  to  26  x 10^s.  Toughness  was  evaluated  by  the  work  of 
fracture  test.  Details  of  the  growth  and  toughness  testing  procedures  are 
given  elsewhere  (11) . 

It  was  found  that  spalling  began  after  ''•A 3.2  x 10^s  and  that  this 
compensated  approximately  for  the  weight  gain  caused  by  oxidation.  Thus, 
specimens  were  exposed  in  a ceramic  container  and  the  weight  change  determined 
for  the  specimen  and  the  container  as  one  unit. 

Weight  gain  is  plotted  as  a function  of  exposure  time  at  1121°C  in  Figure  1. 
Data  for  other  in-situ  composites  and  two  superalloys  are  included  for 
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comparison;  these  are  taken  from  reference  (8)  and  refer  to  tests  in  air  at 
1100®C.  With  the  exception  of  Ni-Ni^Al-Ni^Ta-HjZCr,  the  oxidation  resistance 
of  Co.Cr-CCr.Co^C^  is  superior  to  that  of  the  lamellar  in-situ  composites  and 
Mar-M-509.  This  is  attributed  to  the  relatively  high  chromium  content  of  the 
composite,  namely  412  by  weight. 

Work  of  fracture  G^  and  peak  load  measured  in  the  toughness  test  are 
plotted  as  a function  of  thermal  exposure  in  Figure  2.  Data  refer  to  composites 
grown  at  7 x 10  ^m/s.  While  the  G^  values  were  comparable  for  air  and  argon 
exposure,  the  P^  values  were  significantly  inferior  as  a result  of  exposure  at 
1121*C  in  air.  Peak  load  (P^)  is  a measure  of  the  strength  of  the  composite  and 
the  decrease  is  consistent  with  the  observed  changes  in  hardness  and  compressive 
strength.  Figures  3 and  4 show  that  both  hardness  and  compressive  strength 
decrease  as  a result  of  Isothermal  exposure  in  air  at  1121aC.  The  increase  in 
the  room  temperature  work  of  fracture  (compared  to  the  as-grown  condition)  has 
been  shown  (11)  to  be  the  result  of  fiber  coarsening  with  an  attendant  increase 
in  interfiber  spacing  and  fiber  diameter.  The  extent  of  fiber  coarsening  should 
be  similar  in  air  and  argon.  Hence,  the  similarity  in  the  curves  for  G^  after 
exposure  in  argon  or  air  mean  that  any  microstructural  changes  occurring  during 
oxidation  are  not  detrimental  to  toughness.  More  work  is  needed  to  understand 
the  difference  in  the  response  of  strength  and  toughness  to  oxidation. 
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Figure  1.  Comparison  of  the  oxidation  behavior  of  Co,Cr-(Cr,Co)7C3 
in  air  at  1121*C  with  that  of  other  in-situ  composites 
and  two  superalloys  at  1100#C.  • 
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Comparison  of  the  work  of  fracture  (Gf)  and  peak  load  (Pj,)  as  a 
function  of  exposure  time  at  1121*C  in  air  and  argon. 
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